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Introduction
Many organizations make decisions by means of different committees. Thus, the division of experts into committees is essential for making correct decisions. Following Condorcet (1785) who first studied formally decision making in a committee, the standard assumption in the literature is that the composition of the committee is given.
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To the best of our knowledge, the only exception is Ben-Yashar and Danziger (2011) who examined aspects of how to optimally allocate experts with different abilities into committees. That paper made the strong assumptions that there are only two committees and an even number of experts at each of various ability levels. The main issue was not to derive an optimal allocation of experts to committees, but to answer the limited question of whether an optimal allocation entails that the two committees should have an identical composition in terms of the experts' abilities, i.e., that the committees should be symmetric. The central finding was that experts with different ability levels should not generally be evenly divided among committees. In other words, asymmetric committees may be preferable to symmetric committees.
In the present study, we consider many three-member committees and all possible configurations of the experts' abilities. In particular, we do not restrict the number of experts at various ability levels to be a multiple of the number of committees. The purpose is to characterize the optimal composition of the committees. To this end, we examine an organization that needs to make decisions on whether to accept or reject various proposals. The organization employs experts who strive to make the correct decision for the organization 1 regarding each proposal. The decision makers are divided between a given number of committees that work in parallel and decide on each proposal assigned to it. Each expert votes for or against a proposal assigned to his committee according to what he believes is the best decision for the organization for that particular proposal. A committee makes its decision by simple majority rule on each proposal assigned to it. The objective of the organization is to determine the optimal composition of the committees, i.e., the composition that maximizes the average probability of making correct decisions.
We derive an extremely simple expression for how to allocate the experts into the different committees. As we show, the optimal allocation minimizes the sum of the products of the experts' skills in each committee, where an expert's skill is defined by the extent to which the probability that he votes correctly exceeds that of a random choice. It follows that, given the experts of any two of the committees, the committees should be composed so that the product of the members' skills in each committee is as similar as possible. In particular, if there are only two types of experts, high-and low-skilled, 2 the composition of the committees should be as symmetric, i.e., as similar as possible. It also follows that if the experts can have many skill levels, it is never optimal that one committee is composed of the three experts who have the highest skills and another of the three experts who have the lowest skills. Finally, if there are three types of experts, then if possible, it is optimal that each committee be composed of one expert from each skill level.
The Model
We consider an organization that needs to make binary decisions on many proposals with the help of a given number   1 of separate committees. Examples would include a firm that has to decide about different investment projects or a justice system that has to determine different defendants' guilt or innocence. There are 3 experts and each expert will be a member of one committee. The proposals are assigned equally between the committees each of which consists of three different experts who for each proposal uses a simple majority vote to decide whether to accept or reject that proposal.
For each proposal, the correct decision is either acceptance or rejection. An expert must vote either for or against a proposal assigned to his committee. The ability of expert  ∈ ,  = {1  3} can be represented by the probability   ∈ ( 1 2  1) that he votes for the correct decision for a proposal. His vote is independent of the other experts' votes.
In order to avoid trivial cases where there is only one possible composition of the committees in terms of the experts' abilities, we assume that at most 3 − 2 experts have the same ability.
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A composition of the committees is a partition of the  experts into  three-member committees denoted by  = { 1     }. The set of all such possible partitions is denoted by . Formally,
Let (  ) be the probability that committee   makes the correct decision by simple majority rule on a proposal assigned to it. The organization seeks to allocate the experts 3 Thus, there are at most (3)! !(3!)  possible compositions of committees in terms of the experts' abilities.
3 to the  committees, i.e., to choose  ∈  in order to maximize the average probability (1) P ∈ (  ) that the committees make correct decisions on their proposals.
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3 The Optimal Allocation of Experts
denote the skill of expert ; that is, how much the probability that he votes correctly exceeds that of a random choice. We have Theorem 1: A  ∈  is optimal if and only if it minimizes
This is equivalent to maximizing the expected number of correct decisions. Given our framework, it is a Nash equilibrium and therefore reasonable to assume that the experts vote according to their true assessment, i.e., informatively (Austen-Smith and Banks, 1996; and Ben-Yashar and Milchtaich, 2007) . Under other circumstances, strategic considerations may influence the experts' voting behavior (Feddersen and Pesendorfer, 1998; Dekel and Piccione, 2000; Austen-Smith and Feddersen, 2006; and Gerardi and Yariv, 2007) . With the experts voting informatively and deciding by a simple majority rule, our results hold whether the proposals are independent or dependent. Thus, there is no need to assume even logical independence of the proposals (Dietrich and List, 2013b) .
Since the skills of the experts and hence
According to Theorem 1, an optimal allocation of experts minimizes the sum of the products of the experts' skills in each committee, and conversely, minimizing the sum of the products leads to an optimal allocation. Of course, Theorem 1 does not imply that having experts with higher skills reduces the likelihood of correct decisions. Rather, the theorem reflects the fact that within a three-member committee the different experts' skills are substitute inputs in producing correct decisions.
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As the minimal P
be achieved by different compositions of the committees in terms of the experts' skills, an optimal composition is generally not unique.
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Even if the organization is stuck with deadwood, i.e., useless individuals due e.g. to collective agreements or the absence of mandatory retirement, Theorem 1 will remain relevant if we allow "experts" who have no skills, i.e., for whom   = 0. 7 Thus, if there are less than
if expert  and expert  0 are members of the same committee.
6 To see this, suppose that  = 2 and that the six experts have different skills. Furthermore, assume that
12 , and  6 = ( 1  2 ) 12+ , where   0. Then,
Hence, the partition {1 2 5} and {3 4 6} of experts and the partition {1 2 6} and {3 4 5} of experts have the same sum of the products of the experts' skills in each committee. Furthermore, if  is sufficiently small, the sum is smaller than for any other partition. Accordingly, there are two optimal compositions of the committees.
 "experts" with no skills, the optimal composition of the committees requires that each of these should be placed in a different committee and that of the rest of the experts, those with the most skill should also be placed in those committees. Furthermore, if there are at least  "experts" with no skills, at least one should be placed in each committee since then Q ∈    = 0 ∀  ∈ , with the allocation of the other experts being immaterial.
Theorem 1 implies that the optimal allocation of experts may not be reached by sequentially allocating the experts to the committees according to their skills. Suppose, for example, that there are only two committees and one expert with skill 04, two experts with skill 03, and three experts with skill 01. It would then be optimal that one committee consists of experts with skills 04, 01, and 01, and another committee consists of experts with skills 03, 03, and 01. The value of expression (1) is 04 · 01 · 01 + 03 · 03 · 01 = 0013.
On the other hand, a sequential allocation would lead to one committee consisting of experts with skills 04, 03, and 01, and another of experts with skills 03, 01, and 01. The value of expression (1) would be 04 · 03 · 01 + 03 · 01 · 01 = 0015, which shows that a sequential allocation by decreasing skill is not optimal.
For the following corollary, let   0 ≡ {     } denote the six experts of two com-
of the six experts into two three-member committees, and let
be the set of all possible partitions of the experts   0 into two three-member committees.
Corollary 1: Given two committees   and   0 in an optimal , for all  0 ∈   0 :
Proof: Suppose that an optimal composition of the two committees   and   0 are given by {  } and {  }, and w.l.o.g. that
Since all other compositions of the two committees can be obtained by switching a single expert between   and   0 , it can be concluded that
Thus, an optimal allocation requires that, given the experts of any two of the  committees, the product of the members' skills should be as similar as possible in the two committees. In particular, if possible, in an optimal allocation the product of the experts' skills should be the same. In the special case where experts can have only two skill levels, high and low, the committees in the optimal  ∈  should be as symmetric as possible; i.e., there should not be a committee with three high-skilled (low-skilled) experts and another with no or only one high-skilled (low-skilled) expert. The corollary illustrates the principle that diversity within committees is desirable while polarization between committees is undesirable.
The following two corollaries show what could beneficially be implemented by an organization that does not possess complete information about the skills of the experts. In particular, this would be the case if the organization knows only the ranking and not the levels of the experts' skills.
Corollary 2: In an optimal  ∈ , the three worst experts cannot be members of one committee and the three best experts members of another.
Proof: Suppose that   ,   , and   are the skills of the three worst experts and   ,   , and   the skills of the three best. Since there are at least two experts with different skills than the other experts, it follows w.l.o.g. that there exist skills satisfying
and
On the other hand, if both   =   and   =   , then it must be the case that
Consequently, a  containing the committees {  } and {  } cannot be optimal. ¤ Corollary 2 shows that an extremely asymmetric composition of the committees cannot be optimal, i.e., an organization should not allocate the three worst experts to one committee and the three best experts to another. This corollary is another example of the desirability of symmetry between committees and the corresponding asymmetry within committees.
Corollary 3: If there are  experts at each of three different skill levels, the optimal  ∈  is unique and symmetric. Thus, each committee includes one expert at each skill level, i.e., the optimal  = { 1     } is such that  1 =  =   .
Proof: Let committee   be composed of   ,   , and   experts with skill   ,   , and   , respectively. Then expression (1) can be written as
If we ignore that   ,   , and   for all  must equal 0, 1, 2, or 3, differentiating with respect to   ,   , and   for all  shows that expression (2) reaches a minimum if
for all   's,   's, and   's. 9 levels. However, they also showed that in the case of two three-member committees and the existence of two experts at each of three skill levels, one of each type of expert should be allocated to each of the two committees. Corollary 3 therefore generalizes their symmetry result to the case of more than two committees.
Conclusion
The problem of how to benefit as much as possible from experts with different abilities is nontrivial for an organization that is forced to divide the experts into many decision-making committees. We have given a simple characterization of how to optimally allocate the experts into three-member committees. Our main finding is that an allocation of experts is optimal if and only if it minimizes the sum of the products of the experts' skills in each committee.
This reflects the important role played by the substitutability of the experts' skills in making correct decisions. One consequence is that an extremely asymmetric allocation of experts into committees -so that one committee is composed of the three least qualified experts and another of the three most qualified experts -is never optimal. Another consequence is that if symmetric committees are possible, then they are uniquely optimal.
